Background
Ovarian cancer is the 8 th most prevalent cancer in females worldwide and has the highest mortality rate of all gynecological cancers [1] . Although there has been great progress in surgery techniques and chemotherapeutic treatment, improvement in survival in the past few decades has been minimal [2] , mostly because ovarian cancer is asymptomatic until it has significantly progressed. The prognosis is very unfavorable if this malignant disease has spread to other organs. If diagnosed and treated at the early clinical stage, the 5-year overall survival (OS) rate for ovarian cancer is up to 90%. However, patients in the advanced stage have extremely poor OS (less than 20%) [3] . Thus, it is urgent to develop effective screening strategies for detecting ovarian cancer at an early, treatable stage.
MicroRNAs (MiRNAs) are a family of small, evolutionary conserved, noncoding RNAs, 18-25 nucleotides in length, which regulate the target genes post-transcriptionally. MiRNAs have been proved to play important roles in regulation of many physiological processes, including, but not limit to, proliferation, differentiation, survival, and apoptosis [4, 5] . Deregulation of miRNAs is implicated in the initiation and progression of many diseases, including cancer. MiRNAs may serve as oncogenes or tumor suppressors in tumorigenesis; they rely heavily on the downstream signal pathways they regulate and the cancer types [6] . A number of miRNAs have been identified to promote or repress the development of ovarian cancer. Chen et al. showed that miR-370 could not only inhibit cellular viability and colony formation in ovarian cancer cell lines by targeting Endoglin, but also enhance chemosensitivity to cisplatin; indicating that miR-370 might function as tumor suppressor in ovarian cancer [7] . MiR-181b was upregulated in ovarian cancer tissues and exerted its oncogenic effects by suppressing the expression level of large tumor suppressor 2 [8] .
Aberrant expression of miR-193b is frequently observed in cancer and it acts as a tumor suppressor in many types of cancers. MiR-193b is down-regulated in pancreatic cancer and can promote tumorigenesis by inhibiting stathmin 1 and urokinasetype plasminogen activator (uPA) [9] . Rauhala showed that miR-193b was methylated and thus epigenetically silenced in prostate cancer. Enforced expression of miR-193b can significantly suppress proliferative capacity of prostate cancer cell lines [10] . However, little information is currently available on the role of miR-193b in ovarian cancer. In this study we investigated the expression level of miR-193b in ovarian cancer cell lines and ovarian cancer tissues to determine if tissue miR-193b could be a useful biomarker for ovarian cancer.
Material and Methods

Patients and specimens
The study was approved by the Research Ethics Committee of Zhongnan Hospital of Wuhan University. After obtaining written informed consent from all patients, surgical samples (tumor tissues and matched adjacent normal tissues) were collected from 116 patients with ovarian cancer in the Department of Gynecology and Obstetrics, Zhongnan Hospital of Wuhan University. The staging was made based on the 2014 Federation of Obstetrics and Gynecology (FIGO) classification. The clinical features of the ovarian cancer patients are listed in Table 1 .
Cell culture
All ovarian cancer cells (SKOV3, HO8910PM, HO8910, and OVCAR-3) were obtained from the American Type Culture Collection and cultured in RPMI-1640 (Corning, Corning, NY, USA) containing 10% fetal bovine serum (FBS) and incubated at 37°C in a humidified atmosphere of 5% CO 2 . The human normal ovarian epithelial cell line (NEOC), which has been transfected hTERT, was maintained in MCDB105 and M199 medium supplemented with 10% FBS.
RNA extraction
Total RNA of tissues and cells were both isolated by TRIzol reagent (Invitrogen) according to the manufacturer's protocol. The purity of the samples was measured by the ratio of OD260/OD280 using NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA).
The extracted RNA was stored at -80°C.
Reverse transcription and real-time PCR
Briefly, 20 μL of total RNA sample was transcribed to cDNA using miScript-II-RT-Kit (Qiagen, Germany) following manufacturer's protocols. Then real-time PCR was performed with the Applied Biosystems 7500 real-time PCR system (Applied Biosystems). Cycling conditions were 1 cycle of 95°C for 1 min, 40 cycles of 95°C for 5 s, and 60°C for1 min. Reactions were performed in triplicate using e 2 -DDCt method; U6 small nuclear RNA was used as an endogenous control.
Statistical analysis
One-way ANOVA was conducted to compare the miR-193b expression level among the cell lines investigated. The difference regarding the tissue miR-193b expression between ovarian cancer samples and matched normal tissues was compared using the 
The association between tissue miR-193b expression and clinical parameters of ovarian cancer
All patients with ovarian cancer were assigned into 2 groups (high tissue miR-193b group and low tissue-193b group) based on the median expression level of tissue miR-193b (0.63 fold). As shown in Table 1 , the level of tissue miR-193b was strongly associated with FIGO stage (P=0.001), histological grade (P=0.032), ascites (P=0.019), lymph node metastasis (LN metastasis) (P=0.003), and tumor size (P=0.041). However, no significant associations were found between tissue miR-193b expression and other clinical features, including age, serum CA-125, and histological type. The results from the above analysis suggest that tissue miR-193b is reduced in ovarian cancer and is associated with the progression of this malignant disease.
Down-regulation of tissue miR-193b was correlated with poor overall survival
Kaplan-Meier survival analysis indicated that the 5-year OS rate was 22.01% in the low tissue miR-193b expression group, and 62.5% in the high tissue miR-193b expression group (Figure 3) . The log-rank test showed that the patients with low expression of miR-193b had significantly worse OS (P=0.003).
Tissue miR-193b was an independent risk factor for ovarian cancer 
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maintained their significance as independent prognostic factors using multivariate Cox regression analyses (Table 3) .
Discussion
Annually, about 140 200 women die from ovarian cancer globally, and an additional 225 000 are diagnosed [11] . Tumor metastasis is a complex multi-step process, which is common for advanced stage of cancer and is the major reason for the high mortality rate of ovarian cancer. Although the CA125 test has been used for ovarian cancer screening and predicting recurrence, its elevation is not specific to ovarian cancer. Thus, finding biomarkers with high specificity and sensitivity for detecting ovarian cancer is important.
Our study demonstrated that expression of miR-193b was significantly reduced in ovarian cancer and in cell lines compared with the controls. In addition, low-level expression of miR193b is much lower in highly metastatic ovarian cancer cells. Expression of tissue miR-193b was higher in tumors with FIGO stage, histological grade, ascites, LN metastasis, and tumor size. High tissue miR-193b expression significantly correlated with worse 5-year overall survival and was an independent prognostic risk factor in patients with ovarian cancer. These results indicate miR-193b might be closely associated with the metastatic capacity of ovarian cancer cells, which is in line with recently published findings reported by Mitra et al. They used a 3-dimensional culture model to show that the interaction between ovarian cancer cells and mesothelial cells could down-regulated miR-193b expression in ovarian cancer cells. Aberrant reduction of miR-193b is crucial for maintaining the metastasis capacity of ovarian cancer cells in ex vivo and in vivo models by increasing uPA expression [12] . Multiple studies have also revealed the tumor suppressive role of miR-193b in ovarian cancer. Nakano et al. showed that overexpression of miR-193b in ovarian cancer cells could not only inhibit cell proliferation by affecting cell cycle, but also induce apoptosis via activating caspase 3 and 7 [13] . Deletion of miR-193b in serous ovarian tumors was closely correlated with increased loss of heterozygosity events, BRCA1 upregulation, and overall promotion of genomic instability, suggesting that alteration in miR-193b expression might play important roles in driving the tumorigenesis of ovarian cancer [14] . Ectopic expression of miR-193b resulted in increased cellular resistance capability of ovarian cancer cells to chemotherapy drugs by suppressing CRIM1expression [15] . MiR-193b is probably a tumor suppressor in ovarian cancer, based on current findings. 
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MiR-193b has also been shown to be a negative regulator of tumor progression in various types of cancers. In T-cell acute lymphoblastic leukemia, miR-193b-3p was identified as a tumor suppressor miRNA by targeting MYB oncogene, which is essential for normal and malignant human hematopoiesis [16] . MiR-193b expression was reduced in hepatocellular carcinoma tissues. Moreover, enforced expression of miR-193b could inhibit proliferation, colony formation, migration, and invasion of hepatoma cells by regulating cyclin D1 and ETS1 [17] . Li et al. reported that overexpression of miR-193b inhibited uPA expression in breast cancer cell lines, while anti-miR-193b could induce uPA expression and increase cell invasion capacity, suggesting that miR-193b might be closely associated with clinical metastasis in breast cancer [18] .
Although the tumor suppressive role of miR-193b has been reported in many of the cancers investigated so far, it might also function as an oncogene and promote the progression of cancer.
Zhong et al. showed that the expression level of miR-193b was up-regulated in glioma tissues and glioma cells. In addition, miR-193b could promote the proliferation capacity of gliomas cells through the transforming growth factor-b (TGF-b) pathway by regulating Smad3 [19] . Lenarduzzi et al. revealed that inhibition of miR-193b suppressed tumor cell proliferation, migration, invasion, and tumor formation in head and neck squamous cell carcinomas. Moreover, the patients with high expression of miR-193b had a lower disease-free survival [20] . MiR-193b was down-regulated in melanoma tissues and could suppress the proliferation of melanoma cells in vitro [21] . However, Caramuta et al. reported that melanoma patients who had high miR-193b expression had poor melanoma-specific survival [22] , indicating that miR-193b might act as an oncogene in melanoma. The contradictory findings regarding the role of miR-193b in the development of different cancers or even the same type of cancer indicates that miR-193b might have many downstream targeted genes. Whether the targeted genes are activated or suppressed might depend on the tumor microenvironment in which the cancer cells reside.
Conclusions
MiR-193b expression was reduced in ovarian cancer and lower expression of tissue miR-193b was associated with worse clinical outcome. Our data also indicated that miR-193b might be correlated with clinical metastasis of ovarian cancer and could be used as a promising biomarker. Future investigations are needed to understand how miR-193b down-regulation contributes to progression of ovarian cancer.
